models of UUO in mice remains limited and little information is available regarding the renal 66 functional impact of UUO and its relief. As in man, most species exhibit a compensatory renal 67 growth of the non-obstructed kidney (5, 12) which undergoes a corresponding increase in 68 glomerular filtration rate (GFR). Following release of obstruction, GFR is generally estimated 69 by measurement of blood urea nitrogen following ureteral reimplantation (19) . Proteinuria 70 following ureteral reimplantation suggests that UUO induces irreversible glomerular damage. 71
However, since proteinuria can result from either a glomerular leak of albumin or a decrease 72 in reabsorption of small proteins at the proximal tubular level, the mechanism of proteinuria 73 during reversible UUO needs to be confirmed. The purpose of the present work was to 74 determine, in a new simplified model in adult mice, the consequences of reversible UUO (R-75 UUO) on renal structure and function in both kidneys following release of obstruction. Adult female C57BL/6 mice were obtained from Harlan Laboratories and kept in a 84 temperature-controlled room on a light-dark cycle (12h/12h). Animals were studied at 15 to 85 20 weeks of age, because sexual maturity is reached at 6 weeks of age, and lifespan is 2-3 86 years. As "young adults" they are fully mature, and recovery following release of obstruction 87 reflects an adult response not limited by immaturity or senescence. They had free access to a 88 standard diet and tap water. The animal study protocol was in accordance with the National 89 was tied (Silk 5-0). Two hours following obstruction, an intra-abdominal injection of 125 methylene blue (100 µL) was performed and mice were placed in a cage covered by blotting 126 paper. Complete obstruction was confirmed in the 5 mice by the absence of urine for 12 hours 127 and then mice were sacrificed. In the other group, the reversibility of the obstruction was 128 confirmed by a positive methylene blue test 3 days after the removal of left UUO and 129 immediately following contralateral right ureter ligature. In 4 of the 5 animals, methylene blue 130 was detected in urine, indicating patency of the left ureter following UUO removal. To 131 eliminate the inclusion of animals with significant residual partial ureteral obstruction, all 132 mice with ureteral diameter more than two-fold that of the contralateral kidney were excluded 133 from the study. 134
135

Proteinuria and albuminuria 136 137
Mice were placed in metabolic cages in order to collect 24-h urine. Urinary albumin excretion 138 was determined with a mouse antigen specific ELISA (Mouse Albumin Quantitation Kit, 139
Bethyl Laboratories®, USA). Urinary total proteins were quantified by the pyrogallol 140 red/SDS colorimetric method. Urinary creatinine concentration was measured using an 141 enzymatic colorimetric test based on sarcosine oxydase (reagent Beckman Coulter) on a 142
Pentra 400 apparatus (Horiba Medical®). Urine protein and albumin excretions were factored 143 by urine creatinine concentrations in order to take into account the differences in urinary 144 flows. Finally, the albumin to protein ratio was calculated in order to define the glomerular or 145 tubular origin of proteinuria. 146
147
Renal function studies 148 149
Renal function was measured as previously described (4). Briefly, mice were anesthetized 150 with an intraperitoneal injection of 150 mg/kg of thiobutabarbital sodium (Inactin) and placed 151 on a thermostatically controlled heating table. After tracheotomy, the left jugular vein was 152 cannulated to infuse a Ringer lactate solution (Gelofusine) and a mixture of NaCl 0.9%, 153 thiopenthal sodium (0.83 mg/kg/min, Pentothal), inulin (1.8 mg/kg/min) and p-154 aminohippurate (0.4 mg/kg/min). The rate of infusions was 0.1 mL/h. The left femoral artery 155 was cannulated to monitor mean arterial blood pressure (MABP) and to obtain blood samples. 156
Urine was collected through an intravesical catheter. One of the following procedures was 157 then performed: 1) In order to investigate functional recovery of the left kidney, the right 158 ureter was ligated; 2) In order to investigate functional adaptation of the right contralateralkidney, the left ureter was ligated. At the end of surgery, a bolus of inulin and PAH (inulin: 160 100 mg/kg; PAH: 50 mg/kg) was perfused and mice were allowed to recover for 30 min. 161
Renal function was evaluated for a 60-min clearance period. 162 163 Glomerular filtration rate (GFR) and effective renal plasma flow (RPF) were assessed by 164 inulin and p-aminohippurate clearances, respectively. Renal blood flow (RBF) was calculated 165 as the ratio of renal plasma flow to 1-haematocrit. Renal vascular resistance (RVR) was 166 calculated as the ratio of mean arterial pressure to renal blood flow. The filtration fraction was 167 calculated as the ratio of glomerular filtration rate to renal plasma flow. At the end of the 168 process, blood and urine samples were stored for biochemical studies. Ureters and kidneys 169 were systematically checked to confirm the resolution of hydronephrosis. 170
171
Renal histology and morphology 172 173
At the end of the renal function study, a catheter was introduced into the abdominal aorta. 174
Both kidneys were washed with 10 mL of PBS, fixed by an infusion of 10 mL of 10 % pH 175 7.40 formalin, harvested, weighted, sectioned along the coronal axis and stored in formalin. 176
Formalin fixed kidneys were embedded in methyl methacrylate. Sections of 3 µm thickness 177
were stained with Sirius Red in order to perform fibrosis analysis, Periodic Acid Schiff (PAS) 178 for glomerular morphology, or Lotus tetragonolobus lectin for tubular morphometry. Pictures 179 were captured using a digital camera (Nikon D3, Japan) connected to a light microscope. For 180
Sirius red stained sections, the overall kidney section was pictured at a magnification x100, 181 and all pictures were assembled using Photoshop software (Adobe System, San Jose, CA) in 182 order to provide a complete reconstructed section. Fibrosis was then quantified using the same 183 software. The total area of the kidney section (excluding large vessels) was measured. The 184
Sirius-positive structures were automatically selected using the properties of colour 185 recognition of the software. The Sirius-positive area was expressed as a fraction of the total 186 area of the section. 187
188
For PAS stained sections, pictures of 30 glomeruli were randomly chosen in the kidney 189 section (for each mouse) and taken at magnification x 400, by moving the slide from the outer 190 to the inner cortex to obtain non-crossing sample fields. Pictures were analysed using 191
Photoshop software. As previously described (1), the total cortical area was examined. The efficiency of the folding device for complete UUO was 100%. Reversibility (i.e. ureteral 244 patency) after 7 days of UUO was obtained in 62%, allowing resolution of hydronephrosis 245 and the collection of urine again. All cases of failure were related to the development of 246 fibrosis around the folded ureter. Only mice with demonstrated ureteral patency were used for 247 study. None of the mice from the sham group exhibited hydronephrosis. Procedure duration 248 was similar for both UUO and UUO release with a mean between 15 and 20 min. 249
For metabolic and histologic studies, to avoid including animals with partial obstruction, the 250 ureter was inspected at the time of study and all animals with ureteral diameter more than 251 two-fold that of the contralateral kidney were excluded. 252
253
Renal morphology and histopathology 254 255 Seven days of UUO induced a significant atrophy of the obstructed kidney ( Fig. 2A) , as 256
shown by the ratio between kidney weight and body weight that was significantly decreased 257 when compared to sham (5.56 ± 0.22 vs 6.75 ± 0.35 mg/g of body weight, P<0.05). Sham-258 operated kidneys showed normal histologic architecture, with distinct cortex, medulla, and 259 renal papilla. The obstructed kidney was characterized by thinning of renal parenchyma, 260
particularly with an involution of the papilla and outer medulla ( Fig. 3A and 3C ). Cortical 261 damage was evidenced by a 55% decrease in glomerular volume (UUO 7 days: 1.38x10 7 ± 262 0.02 x10 7 vs sham: 3.08x10 7 ± 0.06x10 7 µm 3 , P<0.05, Fig. 2B ). However, relative mesangial 263 area was not altered (Fig. 2C and 3E) . Whereas the median fraction of Lotus-stainedglomeruli in sham-operated mice was 32%, the fraction was 16% for obstructed kidneys and 265 34% for contralateral kidneys (Fig. 4) . When compared to the contralateral kidney, 266 glomerulotubular integrity (fraction of Lotus-staining glomeruli) was decreased after 7 days 267 of obstruction (P<0.05, Fig. 4 ). In addition, the volume fraction of proximal tubular mass was 268 reduced by 50% following 7 days of UUO (Fig. 2D, 3A and B) . Tissue staining by Sirius red 269 (Fig. 2E and 3D) , an index of collagen accumulation, showed a significant increase in cellular 270 matrix when compared to sham (3.18 ± 0.35 vs 1.38 ± 0.15 %, P<0.05). This increase was 271 mostly located in the inner medulla and papilla. 272
273
Release of UUO resulted in partial restoration of renal tissue architecture at 30 days (Fig. 2  274 and 3). The ratio of kidney weight to body weight remained suppressed compared to that of 275 sham (UUO release 30 days: 5.76 ± 0.45; Sham 30 days: 7.11 ± 0.28 mg/g of body weight, 276 P<0.05, Fig. 2A ). Notably, a significant number of glomeruli exhibited capsular lesions with 277 glomerular tuft adhering to capsular membrane, and glomerulotubular integrity remained 278 decreased 30 days after release of UUO (P<0.05) (Fig. 3B and 4) . Whereas the median 279 fraction of Lotus-stained glomeruli in sham-operated mice was 26%, the fraction was 22% for 280 obstructed kidneys and 38% for contralateral kidneys (Fig. 4) . By contrast, glomerular volume 281 increased following release of ureteral obstruction (Fig. 2B) , and this was paralleled by an 282 increase in the volume fraction of proximal tubular mass after release of obstruction ( Fig. 2D  283 and 3A). The release of UUO also resulted in a significant decrease in extracellular protein 284 matrix (UUO release 30 days: 1.65 ± 0.17 % versus UUO 7 days: 3.18 ± 0.35 %, P<0.05) 285 with a value close to that of sham (Fig. 2E) . Sirius red staining did not show any significant 286 periglomerular fibrosis when compared to sham (Fig. 3D) . 287
288
The contralateral non-obstructed kidney was not affected by seven days of UUO, as indicated 289
by stable values of kidney to body weight ratio, percentage of extracellular matrix and relative 290 mesangial area (Fig. 2A, C and E) . The glomerular volume tended to increase without 291 reaching statistical significance (Fig. 2B) . By contrast, 30 days after the removal of left UUO, 292 right kidney weight to body weight ratio ( Fig. 2A) (Fig. 5B) . As a result, the filtration 308 fraction (FF) in postobstructed kidneys remained similar to sham (UUO release 30 days: 33.6 309 ± 1.7 vs sham: 32.3 ± 2.9 %) (Fig. 5D) . Since mean arterial blood pressure was similar in both 310 groups (Table 1) (17) proposed 343 replacing the vascular clamp every 2 days after demonstrating that longer continuous 344 clamping impairs the reversibility of UUO. However, the requirement for repeated induction 345 of anaesthesia could impact renal haemodynamics by inducing recurrent hypotension and 346 hypoxemia. Unfortunately, renal haemodynamics were not studied in this work. The present 347 study also relies on two surgical procedures, the first to create the ureteral obstruction 348
(duration 15 to 20 minutes), and the second to remove it (duration 10 to 15 minutes). As with 349 previously published reports of reversible UUO, it is possible that anaesthesia, through 350 temporary renal hemodynamic disruption, may have contributed to renal injury. However, no 351 injury was detected in the sham group despite similar surgical procedures and anaesthesia. 352
353
The present study employs a simple, inexpensive and reproducible mouse model of reversible 354 UUO that leads to 62 % ureteral patency. This model allowed us to study both renal histo-355 morphology and unilateral renal function in mice, and should be useful in elucidating 356 mechanisms of tissue regeneration after release of UUO (13, 15) . Little attention has been 357 paid to the glomerular impact of temporary UUO. In the present work, after seven days of 358 UUO, glomerular volume was decreased by 50% in the obstructed kidney. Importantly, these 359 changes in glomerular volume were reversed 30 days following obstruction relief. Based on 360 mesangial volume, there was no evidence for the development of progressive 361 glomerulosclerosis, but scattered glomeruli remained contracted in the R-UUO group. This is 362 presumably a reflection of the reduced fraction of nephrons with intact glomerulotubular 363 junctions that persists even after release of the obstruction (9, 20). In the absence of 364 significant fibrosis, the resulting decreased number of functional glomeruli could explain 365 reduced GFR 30 days following release of ureteral obstruction. Although statistically 366 significant, renal interstitial collagen accumulation seven days after UUO was less than 1% of 367 the parenchymal area and returned to normal levels after release of UUO. Release of 368 temporary UUO in the neonatal rat attenuates, but does not completely reverse interstitial12 collagen accumulation (6). Although there are reports of reversible fibrotic lesions (2-3), the 370 increase in renal collagen concentration due to UUO correlates with a decrease in renal tissue 371 dry weight (8). 372 373 A previous study of renal hemodynamic changes following R-UUO in mice reported a slight 374 but not significant decrease in GFR in four mice (8). However, GFR in the postobstructed 375 kidney was expressed as a percentage of the GFR of the contralateral kidney and no data were 376 available regarding renal blood flow and vascular resistance. Thus, it is not possible to 377 determine whether this change resulted from a decrease in postobstructed kidney GFR or from 378 an adaptive increase of the contralateral kidney GFR. In the present work, 30 days after 379 release of UUO, ureteral patency was assessed by disappearance of dilation and by methylene 380 blue tests. Following release of UUO, kidneys only partly recovered GFR and RBF, with a 381 stable filtration fraction. The reduction in GFR in the postobstructed kidney at 30 days can be 382 explained by a proportionate decrease in the fraction of nephrons with intact glomerulotubular 383 junctions. Renal vascular resistance was significantly increased in postobstructed kidneys, 384 exposing them to long-term histological and functional damage, as described in adult rats 385 after temporary neonatal UUO (7). This hemodynamic impact and the capsular lesions 386 observed in some glomeruli following R-UUO could contribute to the increase in albuminuria 387 that we observed. Indeed, increased albuminuria without significant change in proteinuria 388 indicates a glomerular leak rather than a decrease in proximal tubular reabsorption of proteins. 
